The seasonal, annual and geographical changes in the Relative Condition Factor (K r ) of a total of 24 410 individual American plaice (Hippoglossoides platessoides Fabricius) were analysed. These samples were collected in three areas of the North Atlantic (NAFO Division 3M and Div. 3LNO, and ICES Div. IIb) in commercial fishing and scientific surveys from 1992 to 2003. Condition presented significant variation in both sexes as far as area, season and year effects were concerned.
Introduction
American plaice (Hippoglossoides platessoides Fabricius) is an economically and ecologically important flatfish that inhabits both sides of the North Atlantic. The American plaice stock in the Flemish Cap (NAFO Div. 3M) has recorded a steady decline since 1988. The 1984 The , 1986 The year-classes (ages 18, 16 and 12 in 2002 were the most abundant cohorts in the period, but good recruitment has not been observed since then. In fact, since the EU Survey on the Flemish Cap began in 1988, the American plaice estimated biomass showed a continuous fall from 11.9 tons in 1988 to 1.2 tons in 2000; from this year to 2003 it has shown a minimal annual recovery, but remains at very low levels (Saborido and Vázquez, MS 2003; Alpoim and Ávila, MS 2004; Casas, MS 2004) . The biomass and SSB in Div. 3L, 3N and 3O were very low compared with historical levels. SSB declined to the lowest observed level in 1994 and 1995. It has increased since then but still remains very low (Anon., 2004) .
Simple condition indices provide a useful assessment of the physiological well-being of fishes and provide an indirect means of evaluating ecological relations and the effects of various management strategies (Murphy et al., 1991) . Several studies have demonstrated that these indices are a measure of the energy reserves of fishes and their relationship with the environmental, maturity, feeding or parasitic conditions (Costopoulos and Fonds, 1989 ).
Other studies mention the possible relationship between a continuous deficit condition throughout the years and the current situation of a stock. The implications of a poor condition in the current biomass and in the situation of the stock have been studied in Atlantic cod (Gadus morhua) , and an increase in the natural mortality has been observed. This fact contributed to lower production (Lambert and Dutil, 1997; Dutil and Lambert, 2000) ; and the decrease of the reproductive investment could affect the reproductive potential (fecundity and total eggs) and possible recruitment .
The temporal condition variations (seasonal and annual) of American plaice in three areas of North Atlantic -NAFO Div. 3M and 3LNO, and Svalbard Area, ICES Div. IIb -were examined in this study. Sex, maturity, and length were also considered in the period 1992-2003.
A study of the feeding of this species in these areas in the period 1993-2003 was also presented in order to analyse their possible relationship with the condition.
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Material and Methods
A total of 24 410 individual American plaice from the Northwest Atlantic and Arctic were analysed from research and commercial surveys during the period 1992-2003 (Tables 1 and 2 ). The surveys were the following: the EU Survey in "Flemish Cap" Div. 3M (Casas, MS 2004) , "Platuxa" Spanish Survey in NAFO Div. 3NO (González Troncoso et al., MS 2004) , "Fletán Negro-3L" Spanish Survey (X. Paz, Centro Oceanográfico de Vigo (I.E.O.), pers. comm.), and "Fletán Ártico" Spanish Survey in Svalbard ICES Div. IIb (Durán and Román, 2000) . The same biological data were used to calculate the condition and to obtain the parameters of the length-weight relationship. 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 The biological sampling was carried out on board, and the data collected for each individual were: length (TL to the nearest lower cm), sex, maturity stage (immature, maturing, spawning and post-spawning), weight (g) and stomach repletion degree (empty, partial fullness, fullness). The individuals were compiled in size ranges of 10 cm each (20-29, 30-39, 40-49, 50-59 and ≥60 cm) to make analysis easier ( Table 1 ). The maturity stage was determined by macroscopic analysis.
Data were grouped by seasons. In some cases it was not possible to complete the annual cycle (in Div. 3M and IIb) because there were not enough data. The available data for the spring included the months of April and May; those for the summer included the period from June to August; those for the autumn included the period from September to November; and those for the winter included the months of December and January. The inter-annual comparisons were only made when at least, a two year series for the same season was available.
Individuals smaller than 20 cm were not taken into account, because their weight showed a very high variation caused by an error found in the weight system used on board. In some cases, individuals ≥60 cm were not considered due to the small amount of individuals in the sample.
Divisions 3N, 3O and 3L data were studied as a whole, because it is consider as one stock for this species (Anon., 2004) .
A condition index was calculated because it provides a useful assessment of the 'plumpness' and physiological well-being of fishes. The power function is calculated in order to obtain the expected weight (W'), using the mathematical description of length-weight relationship for all the individuals in each group and for every comparison carried out. That is: a first regression for all the individuals together to carry out a first general comparison among the three areas making no differences according to sex; a second regression for all data of the samplings carried out in summer; a new regression for all the females (in the three areas) and another different one for all males (in the three areas); and finally other size-weight regressions were calculated for individuals in each area for the independent study of each of the three areas.
L is the total length (cm) of the individual i a is the intercept b is the exponent
The Relative Condition Factor (K r ) is calculated to compare fishes of the same species of different lengths, sex, locations and years (Le Cren, 1951 of each of the independent variables, and the interactions are the intersections among the independent variables. Null hypotheses on the effects of variables in the means of several groups with an only dependent variable can be tested with this procedure. Interactions among factors, as well as the effects of individual factors, can be studied.
American plaice feeding habits were studied using the same research survey data: 2 119 (Table 3) . In each haul, a maximum of 10 stomachs in each 10 cm length range were analysed. Fish whose stomachs were everted or contained prey ingested in the fishing gear were discarded. Specimens that presented total or partial regurgitation were taken into account to estimate the emptiness indices. The methodology was the same since 1993 (Rodríguez-Marín et al., MS 1994) .
In this study about the feeding habits, the data for each predator collected were: total length (nearest lower cm); volume of the stomach content, quantified in cm when the digestion stage permitted it, or to the lowest possible taxonomic level.
The Feeding Intensity Index (FI) is the percentage of individuals with stomach contents and it is calculated to analyse the feeding intensity for each predator: FI = n / N t × 100, where n is the number of individuals with stomach contents and N t is the total number of individuals sampled.
The importance of each prey taxa in the stomach contents was evaluated using the percentage in volume: V = v/V t × 100, where v is the volume of a determined prey, and V t is the total volume of prey. The volumetric method overvalues the importance of large organisms (Hyslop, 1980) .
Results
When the condition data of the individuals of the three areas were compared, Relative Condition Factor (K r ) value showed significant differences with regard to the area, year, season, size range and sex. Not all interactions between factors were significant (Table 4A ).
The annual total mean of the Relative Condition Factor value in summer throughout the studied period in Div. 3M decreased substantially. In Div. 3LNO in spring, K r showed a general and slightly decreasing tendency with a period of increase between 1999 and 2001, and it increased in Div. IIb in the autumn. Female presented K r values which were slightly higher than the values in males in the three areas. The biomass in Div. 3M in the same period has declined to very low levels, however, it showed an increase in the last year (Saborido and Vázquez, MS 2003; Casas, MS 2004) . There was a significant positive correlation between biomass and condition in Div. 3M. The estimated biomass in divisions Div. 3NO (Gónzález Troncoso et al., MS 2004) showed an increase in the period 1998-2001 just like the condition. Although trends were similar there was not a significant correlation. This relation in Div. IIb was much more irregular (Fig. 1) .
When the condition data of the females of the three areas were compared, Relative Condition Factor values showed significant differences with regard to area, season, size range and year. Not all the interactions of these factors were significant (Table 4B) . K r value of the males showed no significant differences with regard to size range (Table 4C) . Relative Condition Factor value of females and males showed significant seasonal variation. Individuals showed a lower condition in the period spring-summer, but the high condition in summer in Div. 3M compared with the other areas is remarkable (Fig. 2) . The condition data of individuals of the summer samplings and years 1995 and 2000-2003 for the three areas were compared and Relative Condition Factor value showed significant differences with the interactions of these four factors (Table 4D ).
Relative Condition in Division 3M (Flemish Cap)
The summer K r value in this division showed significant differences in the interaction with regard sex, size range and year (Table 4E) . This index showed a gradual loss of condition which was more remarkable in the period 2000-2002, and mainly in males. More annual oscillations are observed in females <40 cm TL and in males <30 cm TL. In bigger sizes the general tendency shows a constant decrease (Fig. 3) .
Relative Condition in Division 3LNO
The mean Relative Condition Factor value presented significant differences with regard to sex, year, season and size range, and the interactions of these four effects (Table 4F ). Females showed a better condition than males in every season. Both sexes increased their condition from spring to autumn. This behaviour becomes clearer as the size increases. In individuals <30 cm TL more interannual variations are shown (Fig. 4) . 
Relative Condition in Division IIb
In this Division, this value was significantly different with regard to year and season. However, no significant differences were found with regard to the interactions of these effects (Table 4G ). Condition improves remarkably in the period from summer to autumn for both sexes, mainly in females ≥30 cm TL. Annual oscillations were not seen equally in the different size ranges (Fig. 5) . individuals in better condition than adults, and the adults loose condition as they move farther in the reproductive cycle (Fig. 6 ). Condition and feeding intensity of spawning females and males showed an inverse relation with a decrease in the feeding intensity when the condition increases and vice versa (Fig. 7) .
Relative Condition in Relation to the Maturity and the Feeding Intensity
Feeding Habits Study
Data of feeding habits showed a high annual feeding intensity in summer in Div. 3M (78%) and a very low one in autumn in Div. IIb (3%). The specific variety of prey was remarkably high in Div. 3M (70 different items) and low in Div. IIb (17 different items) (Table 3) . General tendency of the annual Relative Condition Factor value and feeding intensity value for the same periods and seasons was similar (Fig. 8) .
The main prey groups by volume in the stomach contents in Div. 3M for the studied period (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) were Echinodermata (Ophiuroidea, 56%) and Crustacea (mainly hyperiids with 13%). Echinodermata predominated in sizes ≥20 cm TL, and fish (5%) were more abundant in individuals <20 cm TL (Table 5 and Fig. 9 ). Main prey composition in the diet has changed in the recent years. Echinodermata was the main prey during the 1993-99 period, however it presented a notable decrease in the stomach contents from the year 2000, being substituted by crustaceans and other invertebrates (Fig.  10) . The main prey groups in Div. 3LNO in the studied period 2002-2003 were fish (62%), mainly Ammodytes dubbius (40%), and crustaceans (15%); equinoderms (11%) were also important, mainly mysids and sand dollars (Echinarachnius parma). Crustaceans predominated in sizes <20 cm TL and fish in sizes ≥30 cm TL (Table  6 and Fig. 9 ). were crustaceans (47%), mainly Pandalus borealis (14%) and Euphausiacea (13%), and fish (27%), mainly Melanogrammus aeglefinus (22%). Individuals <30 cm TL preyed on crustaceans and equinoderms, and individuals ≥30 cm TL preyed on fish and crustaceans in similar quantities (Table 7 and Fig. 9 ).
Discussion
Literature shows that the spawning period of American plaice varies geographically, taking place at the beginning of April on the Flemish Cap, earlier than on the Grand Bank (at the end of May) and in Labrador (at the beginning of June) (Zamarro, 1992) . Walsh (1994) compared western and eastern North Atlantic American plaice populations and found that the southern populations of this area presented a quick growth, early maturation and their spawning took place from the beginning of winter until spring, the northern populations as presented a slow growth, whereas late maturation and their spawning took place in the spring-summer period. Morgan (2001) examined samples from Div. 3LNO in the period 1971-99 and found low inter-annual variation in the spawning, except in recent years, when the spawning took place in deeper waters and it was more abundant in Div. 3NO than in Div. 3L. In Div. 3L, spawning was later (May) than in Div. 3NO (April) with later spawning in the 1990s. The spawning period took up a wide seasonal period. Spawning females were found from February to August, and they were even observed in the months of November and December. This author found post-spawning individuals all the year round, with the biggest proportion of them from April to August. Individuals from maturing to spawning stages were also found in all the seasons, and a high proportion of mature individuals appeared from September to December. This aspect of the duration of the spawning has been noted by other authors (Johnson et al., MS 1999) . Walsh (1994 Walsh ( , 1996 indicated that spawning in the eastern North Atlantic (in the Barents Sea and Svalbard area) began in March and ended in July, and had a peak 
No. indivs. sampled with stomach contents 14 125 528 657 315 1 639 Fig. 9 . Volume (%) of the most prey groups by size range (cm) for H. platessoides in NAFO (Div. 3M, 1993 (Div. 3M, -2003 and 3LNO, 2001-2003) and ICES (Div. IIb, 2002 -2003 .
in spring. These populations were much larger in age and size at maturity than in other areas.
Taking into account the K r values obtained throughout the studied period for the three areas of the North Atlantic, two groups of individuals would be expected: the smaller and the bigger size for the first maturation. The first ones should present low K r values and small seasonal and inter-annual variability, while the others should present high values with seasonal fluctuations. These two groups would correspond to two moments of the vital cycle; the first period, with important somatic growth and scarce reserves, in which the energy is used in growth; and another period of small somatic growth, in which the energy is used in reproductive functions with a small rate of growth. Thus, the hypothetical mechanism Length range (cm) Div. 3M (1993 Div. 3M ( -2003 Div. 3LNO (2001 3LNO ( -2003 Div. IIb (2002 IIb ( -2003 Mollusca Echinodermata Crustacea Other invertebrates Pisces Other crustaceans 3.4 9.6 8.3 
No. indivs. sampled with stomach contents 2 16 18 1 37 of the energy distribution (Rijnsdorp, 1990 ) throughout the year could be extrapolated to the vital cycle of the population, where the value of the condition index would represent the threshold of the energy distribution.
Our results showed significant differences in the condition of individuals in the three areas under the effects of sex, season and year. American plaice showed a lower condition in spawning seasons (spring-summer) with a lower seasonal variation in immature individuals. The disadvantage of working with live weight data of specimens is that gonad weight and stomach content weight must be included. Moreover feeding intensity increases after spawning and this offsets the loss of gonad weight. Macroscopic definition of the maturity stage causes some differences in the sampling criteria and in the establishment of the female spawning stage, because they could be in a later maturing stage. However, this kind of interpretation mistake is not so common in males. This is the reason why we find a totally different result -an increase in condition in females during spawning stage and the contrary in males. This makes it impossible to have an exact observation of the variations in condition of adult individuals. Study of condition through eviscerated weight and histologic data of maturity would provide better information of the relationship between these biological issues. An increase of the feeding intensity in spawning males and females was also found when their condition decreases, which also prove the increase observed in the feeding activity after spawning seasons.
On the other hand, some differences can be seen in seasonal behaviour in the different sizes. These differences could be due to the early or late spawning in relation to age and geographical area. This fact has been reported in American plaice and other species. If the spawning was extended throughout the year, the different maturity stages would be overlapped, and this fact would cause low seasonal differences in the mean of K r .
Morgan examined the spatial and temporal condition of American plaice among Div. 3L, 3N and 3O. She found seasonal differences with a higher condition in autumn versus spring. She also observed a significant annual difference in condition, and no significant correlations between condition and abundance. Our study coincides with these results. Correlation of condition and biomass (in our case) was only significant in Div. 3M, but graphically we do note a relation, and we also found a parallel between annual feeding intensity and condition. This latest relation was different for spawning individuals: increase in the feeding intensity appeared when condition decreased.
Differences in the feeding intensity and diet composition of American plaice were found by area and the diet also varied in relation with size, which coincides with previous studies (González Iglesias et al., MS 2003) . Furthermore, in our study, the differences in the feeding intensity and composition of prey would also have been caused by the different period of sampling in each area and the consequent seasonal and geographical availability of prey. The energy equivalents show significant differences among major prey taxa with seasonal and geographic differences for some species, related to gonadal development and size range of prey. In general, Pisces and Crustacea have more energy density than other prey groups (Steimle Jr. and Terranova, 1985; Lawson et al., 1998) . These groups of greater energy density were the major components in the American plaice diet in Div. 3LNO and IIb, while Echinodermata predominated in Div. 3M, a component of lower energy equivalents, offset, in some way, by a greater feeding intensity. Our results showed that in Div. 3M from 1999, the feeding intensity decreased and coincide with a remarkable decrease in predation on Echinodermata and the increase of predation on crustaceans. However these issues are not reflected in a clear difference of condition among areas, taking into account that we are dealing with data from feeding studies carried out in different seasons (spring in 3LNO, summer in 3M and autumn in IIb).
In these studies there are other aspects which affects to condition, feeding intensity, diet and maturity that should be considered, such as the observed seasonal distribution across depth/temperature (Morgan and Brodie, 1991) or the spawning migrations (Milinsky, 1944; Albert et al., 1994) , in order to avoid a slanted sampling of the population and to avoid distorting the results. Another aspect that would help in the study of the condition could be its analysis, taking into account the eviscerated weight altogether with the data of the gonadal histologic study.
